ABSTRACT: Four hundred fifty-two yearling steers from two experiments were measured for subcutaneous fat thickness and longissimus muscle area between the 12th and 13th ribs using realtime linear array ultrasound equipment. Ultrasonic predictions were compared to corresponding carcass measurements to determine accuracy of ultrasound measurements. In Exp. 1, 74% of the ultrasonic estimates of fat thickness were within 2.54 mm of carcass values (r = .81) and muscle area was predicted within 6.45 cm2 for 47% of all carcasses (r = .43). Although similar correlation coefficients between ultrasonic and carcass fat thickness were obtained in Exp. 2 (r = .82.), estimates were more biased; only 62% of ultrasound estimates were within 2.54 mm of carcass measurements. Improvement in longissimus muscle area estimates was noted in Exp. 2, in which 54% of ultrasonic estimates were within 6.45 cm2 of carcass values (r = .63). The extremes for each trait proved most difficult to predict; fat thickness was underestimated on fatter cattle and muscle area was underpredicted on more heavily muscled steers. Ultrasonic measurements of fat thickness are precise and accurate in determining carcass fat thickness, but muscle area estimates are inconsistent and warrant further investigation.
Introduction
Live animal estimation of carcass measurements and the ultimate determination of composition of livestock remains an important research goal in animal agriculture. Methods for obtaining carcass estimates are as varied in scope and complexity as the results they produce. They range from relatively inexpensive and readily obtainable linear measurements (Daley, 1981) to complex, and often costly, imaging techniques currently employed in the field of human medicine (Groeneveld et al., 1984 imaging technology that holds great promise for elucidating compositional differences in animals (Berg and Butterfield, 1976; Kempster et al., 1982) . The ability to use ultrasound to precisely and accurately estimate carcass meaaurements in live animals should be of benefit to the beef industry, allowing it to move away from the current practice of pricing cattle on pen averages to a value-based marketing system. Additionally, serial ultrasound measurements could replace the need for costly serial slaughter designs frequently used in growth studies. Miles et al. (1972) reported that individuals interpret the same ultrasonic image differently, and that there are differences in their accuracy between scanned anatomical locations, thus making the technique highly technician-dependent. However, as a technician becomes more experienced, accuracy improves (Moody et al., 1965) . In a review article, Houghton (1988) found that correlation coefficients between live animal ultrasonic and carcass measurements of fat thickness and longissimus muscle area varied from .42 to .92 and from .47 to .86, respectively. Therefore, the objective of this study was to evaluate ultrasonic measurements of fat thickness and longissimus muscle area (LMA) taken before slaughter for prediction of carcass fat thickness and LMA.
Experimental Procedure
In the first of two experiments, 315 yearling steers of various breed types were used in a feeding trial conducted to determine the effect of virginiamycin, a feed-grade antibiotic, on performance and carcass characteristics of feedlot steers. Because steers differed in initial BW, they were slaughtered in two groups to achieve similar final weights. The first group was fed a high-concentrate diet for a total of 135 d, and the second group was fed 149 d. Five days before slaughter, steers were restrained in a hydraulic squeeze chute and scanned using an Aloka 210DX (Corometrics Medical Systems, Wallingford, CTI realtime diagnostic ultrasound unit equipped with a 3-MHz linear array transducer. Light mineral oil was used as an acoustical couplant. Scanning site, as determined by physical palpation, was located between the 12th and 13th ribs on the left side of the animal. Ultrasound images were obtained using the double frame display capabilities of the equipment, and a transducer guide was used to minimize error that might occur due to animal backline curvature and the overlapping step required to produce one complete image of ET AL. the longissimus muscle. A complete image was obtained by first recording an image of the medial portion of the muscle, activating the split-screen mode and moving the transducer ventrally to allow the lateral portion of the muscle to be presented. The resulting ultrasound images were recorded on video tape and later viewed on a 30-cm display monitor to determine both ultrasound carcass fat thickness (UFI7 and ultrasound Lh4A (ULMA) estimates. Internal machine calipers of known length relative to the scanned image were used to draw a line that was then measured on the screen; the ratio between the known line and screen line length was multiplied by lengths of images measured on the screen to estimate actual dimensions.
Carcass fat thickness (FT), measured threefourths the length of the longissimus muscle from the chine bone end, and LMA were measured at the 12th and 13th rib interface 24 h postmortem. Carcass LMA was determined using a standard dot grid (GLMAI, 10 dots per 6.45 cm2, for both groups. In addition, acetate tracings of the longissimus muscle [TLMA) were obtained from carcasses of steers fed 135 d. A n electronic digitizing board was used to determine the area of these tracings. Longissimus muscle area was also predicted as a function of shrunk final body weight (WLMAI using the assumption that a steer of average muscling will produce .156 cm2 of longissimus muscle per kilogram of BW (Boggs and Merkel, 1990) . Means and standard deviations for traits of interest in this study are presented in Table 1 . The 137 yearling steers of various breed types used in Exp. 2 were obtained from a trial conducted to determine the effect of anabolic implants, both estrogenic and androgenic, on performance and carcass characteristics of feedlot steers fed a high-concentrate diet. Steers were slaughtered in two groups to facilitate data collection. Steers in the first group were fed 119 d and those in the second group 126 d. Five days before slaughter, steers were scanned with the same equipment as in Exp. 1, although technique differed slightly. Images used to determine fat thickness were obtained from the same location as in Exp. 1 using the single-frame mode because it offered greater resolution. Location of fat thickness measure (three-fourths the length of the longissimus muscle) was estimated by the technician because only a portion of the longissimus muscle was displayed on the monitor at any given time. Fat thickness (UFT) was determined at the time of scanning by using the machine's internal electronic calipers. An additional image was obtained for each animal using the split-screen mode, as in Exp. 1, and recorded for later viewing to determine LMA estimates. Recorded ultrasound images were interpreted independently by two technicians to determine ULMA values. Using the same display moaitor as in Exp. 1, each technician interpreted the recorded images, tracing the c o n f i i a t i o n of the longissimus muscle on clear plastic sheeting. Longissimus muscle area was determined from these tracings using an electronic digitizing board. Technician A (UL-MA11 was responsible for the generation and recording of ultrasonic images and had more experience in scanning livestock than Technician B (ULMA21. Technician A had similar responsibilities in Exp. 1; however, Technician B made tracings for determination of ULMA in Exp. 1. In addition to ultrasonic measurements, LMA was also predicted as a function of shrunk final body weight (WLMA) as in Exp. 1.
One day before shipping steers to the slaughter facility, a trained livestock evaluator subjectively estimated carcass fat thickness (SFTI and longissimus muscle area (SLMAI for each animal. Off-test weights for each steer were made available to the evaluator at the time subjective estimates were made. Carcass fat thickness @TI, adjusted fat thickness (AFT) based on subjective assessment of unusual fat deposits in other carcass locales (USDA, 19891, and LMA were measured at the 12th and 13th rib interface 24 h postmortem. Means and standard deviations for traits of interest in Exp. 2 are presented in Table 1 .
For both experiments, residuals (predicted minus observed values, Table 2 ) were initially analyzed in a model that included breed-type and observed carcass values and their interaction. Because neither breed nor breed-related interactions were significant [P > .05), final models presented here include only effects of carcass values. The relationships between variables and carcass measurements were estimated using simple correlation coefficients, and cumulative frequency distributions of carcass measurement errors were tabulated. Table 3 . Ultrasonic estimates of fat thickness were strongly correlated with actual carcass fat thickness values (r = .81) and seem to be precise predictors of carcass fat thickness. The relationship between ultrasonic and carcass LMA, however, was moderate to low depending on method of determining the carcass values Ir = .43, GLMA; r = 20, TLMA). Henderson et al. (1966) noted that area of longissimus muscle measures differ using these two methods; however, these differences were generally smaller than those noted between carcass sides. Improper placement of the transducer by the technician, poor image resolution of deep tissues (Cross, 19891, or inaccurate interpretation of the image produced Miles et al., 1972) may explain these low values. Changes in muscle configuration during processing, onset of rigor mortis, and differences in muscle configuration that exist between the standing animal and the hanging carcass may affect LMA and thus precision of ultrasonic estimates (Temple et al., 1965) . Interestingly, LMA predicted from final weight (WLMAI were more strongly related to carcass values (r = .53, GLMA; r = .47, TLMAI than were ultrasonic estimates. Accuracy of ultrasound estimates may also be determined by assessing the relative frequency with which estimates are within an absolute range of carcass parameters. In this study, ultrasonic fat thickness estimates were within 2.54 mm of carcass measured fat thickness for 74% of the animals ( Table 4) . Henderson-Perry et al. (1989) reported that 93% of their ultrasound estimates were within 3 mm of carcass fat thickness. The 227 steers used in their trial had a mean carcass fat thickness of 10.6 mm, 23% lower than the mean Figure 1 , there was a tendency to underpredict fat thickness of fatter cattle. This is likely due to ultrasonic misinterpretation of connective tissue layers that normally develop within fat to provide support and rigidity as an animal increases in fatness (Dolezal, personal communication). Longissimus muscle area is generally overpredicted for carcasses with areas of < 71 cm2 and is underpredicted for carcasses with areas > 84 cm2 (Figure 2) . Perhaps when they analyzed ultra sound images the technicians tended to be conservative. Repeated analysis and a preconceived idea of LMA shape may have led to error. Experiment 2. Simple correlations (r) between ultrasonic (UFTI, subjective (SFT), and carcass (FT, AFT) fat thickness are presented in Table 6 . Ultrasonic fat thickness measurements were strongly correlated with actual values (r = .82, FT; r = .81, Am), whereas subjective estimates (SFT) were less closely associated with carcass values (r = .56, FT; r = 3 0 , AFT). When visually estimating fat thickness the evaluator used indicators of overall fat cover; therefore, one would (r) between predicted LMA [ULMAl, ULMA2, SLMA, WLMA) and GLMA. Ultrasonic longissimus area measurements were moderately correlated with GLMA and did not differ between technicians (r = 63). Apparently there were interpretational differences of ultrasonic images, because the relationship between technicians' estimates was not perfect (r = .71). Subjective estimates of longissimus area (SLMAI were also moderately correlated with GLMA (r = .61) and indicate that the evaluator was able to identify differences in muscularity between animals. Longissimus muscle area predicted from final weight showed the weakest relationship (r = .48) with GLMA observed in this study. Again, a more useful measure of the predictive capacity of a given technique is the relative frequency with which estimates are within a given range of actual carcass parameter values. Ultrasonic estimates of carcass fat thickness were within 2.54 mm for 62% of the steers and within 5.08 mrn for 95% of the steers (Table 7) . Faulkner et al. (1990) reported that 72% of all cattle ultrasonically measured for fat thickness Cn = 271 were within 2 mrn of carcass fat thickness. Although their ultrasonic technique was similar to that in Exp. 2, results are not comparable with this study because hides were removed with a knife in their study and not with a hide puller.
Carcmses with < 12.7 mm fat thickness were estimated within 2.54 mm for 76% of the animals, compared with 51% for those with carcass fat thickness > 12.7 111111. The same general trend was noted for subjective estimates of carcass adjusted fat thickness, with 55 and 82% of all steers estimated within 2.54 and 5.08 mm of carcass values, respectively. The evaluator was more accurate in assessing adjusted carcass fat thickness with steers producing carcasses with less fat thickness ( < 12.7 mm), as evidenced by a greater proportion of those cattle estimated within 2.54 mm of carcass values (639'0 vs 49%).
Of the methods used to estimate carcass LMA ( To illustrate the accuracy of subjective and ultrasonic estimates, residuals (ultrasonic or subjective minus carcass values) were plotted against carcass fat thickness and LMA. As shown in Figure 3 , ultrasound estimates tended to overpredict fat thickness on steers with < 10 mm carcass fat thickness and underpredict fat thickness for steers with > 15 mrn carcass measured fat thickness. A similar trend was noted with subjective visual estimates (Figure 41 : all carcasses with > 20 mm adjusted fat thickness were underestimated. Ultrasonic estimates of LMA generally were underpredicted for more heavily muscled steers (Figures 5 and 61 , and both technicians underpredicted all animals with carcass LMA > 103 cm2. The residuals associated with subjective estimates of LMA (Figure 7 ) tended to be more variable; the evaluator may have placed too much emphasis on the relationship between LMA and BW and erred conservatively, increasing error of estimation. However, LMA was generally overpredicted for steers with < 80 cm2 carcass LMA. When using weight to predict carcass LMA, systematic error is evident (Figure 8) . As carcass LMA increased, errors of prediction increased. These results suggest that the steers used in this study were more heavily muscled than the general cattle population, if one assumes that a steer with average muscling will produce .156 cm2 of longissimus muscle per kilogram of BW (Boggs and Merkel, 1990 LONGISSIMUS MUSCLE AREA, cm2 Figure 7 . The relationship of residual (subjective minus carcass) longissimus muscle area (RSLMA) and carcass longissimus muscle area of feedlot steers in Exp. 2. tive in nature because only a portion of the longissimus muscle could be scanned at any given time and thus location of fat thickness measure was not as precise as in Exp. 1.
An increase in both precision Cr = .43 vs r = .631 and accuracy (47 vs 54% of estimates within 6.45 cm2 of carcass LMAI of ULMA estimates was evident over the two experiments for Technician B, suggesting that accuracy improves with experience. However, both mean and standard deviation of LMA were greater in Exp. 2; thus, results may reflect differences in the two populations studied.
It is generally agreed that accurate live animal estimates of fat thickness are obtained with ultrasound (Henderson-Perry et al., 1989; Stouffer et al., 1989; Faulkner et al., 1990) . Also, fat thickness over the longissimus muscle at the 12th rib has been shown to be the most accurate indicator of carcass composition Murphey et al., 1960; Crouse et al., 1975) . Therefore, ultrasound offers potential as a means of estimating cutability among fed cattle.
Implications
Results of this study demonstrate that ultrasonic measurements made before slaughter are useful for estimating carcass fat thickness, yet are imprecise in predicting longissimus muscle area. In fact, predicting longissimus muscle area as a function of live weight proved nearly as accurate as or more accurate than predicting longissimus muscle area by ultrasound estimates. We question the use of ultrasound for identifying differences in longissimus muscle area in steers before slaughter and suggest caution in making breeding or management decisions from longissimus muscle estimates generated from this technology until additional progress is made in equipment and expertise.
